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Apoptosis of Normal and Leukemic Stem Cells

Figure 3. An increase in LSK CD150 cells reflects apoptosis of HSCs. (A) The LSK™ cell population is basically CD150-negative. LSK*
(Lin~Scal*c-Kit") cells and LSK™ (Lin~"Scal*c-Kit ™) cells from bone marrow of B6 mice were stained with CD150, and analyzed by FACS. (B) High
apoptotic rates in bone marrow LSK™CD150" cells. LSK™ and LSK™ cells from bone marrow of B6 mice were stained with CD150, further labeled with
7AAD and Annexin V, and analyzed by FACS. Apoptotic rate for each cell population was indicated. (C) An increase in LSK"CD150" cells reflects
apoptosis of HSCs. B6 mice were treated with irradiation or 5-FU for different days as indicated. LSK* and LSK™ cells from bone marrow of B6 mice
were stained with CD150, were further labeled with 7AAD and Annexin V, and analyzed by FACS.

doi:10.1371/journal.pone.0038614.g003

pathway. Lyn tyrosine kinase plays an essential role in regulatings.59% vs. 3.79%) (Fig. 5G), supporting the roleLgh as a
hematopoiesid.yrdeficient mice display a collection of hemato- downstream regulatory gene lekbpn maintaining the transition
poietic defects, including autoimmune disease as a result of LSK to LSK™ cells.

autoantibody production, and perturbations in myelopoiesis that

ultimately lead to splenomegaly and myeloid neoplasia, similar tThe transition of LSCs to the LSK™ cell population is
CML-like disease observed insbp’ ~ mice [22]. Induction of blocked in CML

Icsbpexpression in thdacsbﬁ’ ~ myeloid progenitor cells leads to Because LSK cells in bone marrow of WT anu:sbﬁ/ ~ mice

an upregulation ofLyn expression [23]. Therefore, we tested gre more apoptotic than LSK cells (Fig. 1C and Fig. 5D), we
whetherLynis involved in the regulation of the LSK population by thought that this cellular pathway controlled bysbpmight also
Icsbphrough controlling the transition of LSK to LSKcells. We play a role in regulating LSCs in CML mice. To test this idea, we
first compared the mRNA levels bf/nin bone marrow between  first examined whether BCR-ABL-expressing LSkells contain
WT and Icsbp’ ~ mice by RT-PCR, and found thatynwas  more apoptotic cells than LSCs in bone marrow of CML mice,
downregulated iricsbp’ ~ bone marrow cells (Fig. 5E), suggestingand found that apoptotic cells in the GAESK ~ cell population
that Lynis downstream ofcsbpWe next determined whether the \vere two-fold higher than those in the GRISK cell population
LSK™ cell population is reduced ioyn’ ~ mice. Consistent with  (Fig. 6A). We wondered whether the effect of imatinib treatment is
lcsbp’ ~ mice (Fig. 5A), the percentage of LSkells in bone also associated with the LSKcell population, and found that
marrow of Lyn’~ mice was significantly reduced (Fig. 5F), 20 days after CML induction, the percentage of LSKopulation
demonstrating thaLynis also involved in the transition of LSK to was about 3.93% in placebo treated CML mice and 8.62% in
LSK™ cells. Furthermore, we tested whether expressidrynin imatinib treated CML mice (Fig. 6B), suggesting that the
bone marrow cells fromLyn’~ mice restores the cellular therapeutic effect of imatinib is associated with increased cellular
transition. We transduced.yn’~ bone marrow cells with transition of LSK cells. Because the BCR-ABL kinase inhibitor
MSCV-GFRr MSCV-Lyn-GFRretrovirus, followed by transplan- imatinib has an initial therapeutic effect but does not eliminate
tation of the transduced cells into recipient mice. The percentagé SCs in CML mice [7,17], we reasoned that the failure of imatinib
of LSK™ cells in recipients dfISCV-Lyn-GFRansduced.yri’ ~ to cure CML mice should be associated with an inability of
bone marrow cells was about two-fold higher than that inimatinib to cause an increase in the transition of LSCs to LSK
recipients ofMSCV-GFRransducedLyri’ ~ bone marrow cells cells in CML mice treated for a long period of time. We observed
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Figure 4. Suppression of LSCs through disturbing the Alox5 or Hsp90 pathways is associated with enhanced transition of LSCs to
BCR-ABL-expressing LSK™ cells. (A) BCR-ABL'LSK cells give rise to LSK™ cells in CML mice. 1 x10° bone marrow cells (containing BCR-ABL*LSK

@ PLoS ONE | www.plosone.org

June 2012 | Volume 7 | Issue 6 | e38614



